Transition temperatures of the electrical activity of ion channels in the nerve membrane.
The temperature dependence of some of the electrical characteristics of neuronal membranes from Aplysia giant neurons and crustacean and cuttlefish giant axons has been analyzed. Arrhenius plots for the maximum rate of depolarization of (V+max) or repolarization (V-max) of the action potential, for the resting membrane conductance, and for the speed of propagation of the action potential, exhibited clear breaks at characteristic temperatures between 17 and 20 degrees C. Lobster giant axons and frog nodes of Ranvier were voltage-clamped at different temperatures between 5 and 30 degrees C. Arrhenius plots for relaxation times related to the opening and closing processes affecting the Na+ and K+ channels were linear. No 'transition' temperature was detected. However, clear-cut changes in (Formula: see text) Na+ and K+ currents, were consistantly observed around 18 degrees C. Values for (Formula: see text) plateaued above 18 degrees C, then decreased gradually as a function of reduced temperature. Variations in temperature between 1 and 30 degrees C did not alter the binding properties of [3H]tetrodotoxin to a purified crab axonal membrane. Pharmacological properties of the Na+ channel are sensitive to temperature. The temperature-dependent effect of veratridine has been studied and indicates a change in properties of the Na+ channel below 20 degrees C. These results support the possibility that the fluidity of membrane lipids in the ionic channel microenvironment may influence the degree to which the channel can open.